Carotid cavernous fistulas (CCF) are vascular communications between the carotid artery and the cavernous sinus. Ophthalmologists are called to diagnose and manage the condition in cases that present with ocular features. A 73-year-old female was referred to our glaucoma center clinic. Eight years before, she had started receiving medication for glaucoma and had undergone laser iridotomy, but a satisfactory management of intraocular pressure (IOP) had not been achieved. The patient was complaining of intermittent diplopia, bilateral proptosis, and conjunctival chemosis over the past 6 months. Best-corrected visual acuity in the right (OD) and left eye (OS) was 9/10 and 10/10, respectively. Visual field testing showed slight paracentral field defects mostly in OS. IOP was 20 mm Hg in OD and 34 mm Hg in OS. We referred the patient to neuroradiology, and MRI angiography revealed a CCF with angiographic classification of Cognard grade 2. Closure of the CCF by transarterial embolization was performed in the neuroradiology department. One week following the procedure, the clinical signs of diplopia, proptosis, and conjunctival chemosis had greatly improved, and IOP was reduced to 12 mm Hg OD and 19 mm Hg in OS. Glaucoma treatment was maintained with topical brimatoprost, brinzolamide, and timolol. Owing to the risk of vision loss associated with vascular stasis, retinal ischemia, and high IOP, ophthalmologists must be aware of Calafiore et al.: Glaucoma Management in Carotid Cavernous Fistula 297 the clinical features of CCF and should request appropriate imaging studies such as MRI angiography in order to confirm the diagnosis and plan multidisciplinary treatment.
Introduction
Carotid cavernous fistulas (CCF) are vascular communications between the carotid artery and the cavernous sinus [1, 2] . Although CCF management is formally in the area of interest of neuroradiology and neurosurgery, ophthalmologists are frequently called to diagnose and manage the condition in cases first presenting with ocular features. In fistulas draining directly into the ophthalmic veins, the diagnosis may be straightforward, presenting with symptoms of pulsatile proptosis, diplopia, marked episcleral congestion and chemosis, and a red eye [3] . However, in posterior dural draining CCF (through the superior/inferior petrous sinuses), symptoms may be mild and difficult to interpret (white-eye syndrome). In both cases, an orbital bruit may be audible with careful auscultation [2] .
Other features of CCF include venous and arterial stasis that may cause retinal and choroidal changes such as conjunctiva arterialization, anterior segment ischemia with neovascular changes, papilledema, retinal venous dilatation, retinal hemorrhage, and central retinal vein occlusion, which require appropriate treatment [4] . Orbital venous stasis and extraocular muscle engorgement may cause restricted ocular motility associated with diplopia. Alternatively, ophthalmoplegia/diplopia may also be caused by decreased perfusion and ischemia of cranial nerves in the intracavernous sinus [1, 3] . The involvement of both eyes (OU; or in rare cases only the fellow eye in isolation) is explained by the communication of the cavernous sinuses [1, 3] .
In this report, glaucoma management in a 73-year-oldfemale with a CCF is presented.
Case Presentation
A 73-year-old female was referred to our glaucoma center clinic for management of glaucoma and to undergo evaluation for selective laser trabeculoplasty, Argon laser trabeculoplasty, and/or cataract surgery. Eight years before, she had started receiving medication for ocular hypertension that included a combination of topical bimatoprost, dorzolamide, brimonidine, and oral acetazolamide (250 mg) with unsatisfactory results and had undergone laser iridotomy 2 months before. Past medical history was significant for chronic obstructive pulmonary disease, depressive mood disorder, and treatment for breast cancer.
On presentation, the patient was complaining of intermittent diplopia, bilateral proptosis, and conjunctival chemosis over the past 6 months. Best-corrected visual acuity in the right eye (OD) was 9/10 (corrected with -1.5 cyl/100 axis) and uncorrected visual acuity in the left eye (OS) was 10/10. Clinical examination revealed the following: proptosis of OU, respectively 20 and 22 mm in OD and OS, diplopia, conjunctival chemosis in OU but more severe in OD ( fig. 1a ), diffuse corneal epithelial abrasion due to proptosis in OU, narrow iridocorneal angle in OU (Shaffer grade 2), initial lens nuclear sclerosis OU, and two viable laser iridotomies in OS. Intraocular pressure (IOP) measured with Icare tonometry was 20 mm Hg in OD and 34 mm Hg in OS [5] . Fundus examination with optic nerve head evaluation was normal with no signs of venous or arterial congestion and absence of hemorrhages or exudates in OU. Optical coherence tomography (OCT) of the optic discs showed normal peri-papillary retinal nerve fiber thicknesses in OU ( fig. 2a ). Visual-field testing showed slight paracentral field defects mostly in OS, but with substantially normal glaucoma hemifield test in OU ( fig. 2b) .
Based on the clinical signs (proptosis, diplopia, and conjunctival chemosis), examination results (substantially normal optic nerve heads and visual fields in OU), and the patient history (8 years of ocular hypertension that was well controlled with medical therapy in the past), the clinical presentation was considered to be atypical and consistent with a secondary glaucoma of unknown etiology, so we decided to perform further investigations before considering treatment. As the first step an orbital auscultation was performed in OU in order to look for any bruit that is typical of CCF, but the results were doubtful and uncertain. We then referred the patient to neuroradiological consultation and investigation of the cerebral vasculature. MRI angiography revealed a CCF with angiographic classification of Cognard grade 2 ( fig. 3a) .
Closure of the CCF by transarterial embolization was performed in the neuroradiology department, using detachable balloon embolization by introducing an intravascular microcatheter into the intracavernous portion of the internal carotid artery and placing a stent in the fistula. Finally, a postoperative control arteriography was performed, showing considerable reduction of the flow at the fistula (fig. 3b ).
One week following the procedure, the patient was seen at our clinic. The clinical signs of diplopia, proptosis, and conjunctival chemosis were greatly reduced ( fig. 1b ). IOP was reduced to 12 mm Hg OD and 19 mm Hg in OS on topical treatment with brimatoprost, brinzolamide, and timolol. The values of IOP remained stable for the following 6 months.
Discussion
The increase of IOP in CCF is mainly caused by increased episcleral and vortex vein pressure. In such cases, closure of the fistula and normalization of circulation has a favorable result in reducing IOP. In other cases, glaucoma may be caused by iris neovascularization due to decreased retinal perfusion or vascular engorgement and edema of the choroid and ciliary body, causing a forward movement of the iris/lens resulting in pupil block glaucoma [6, 7] . IOP measurement, visual field testing, and optic nerve head evaluation are of paramount importance, and the patient must be closely followed up in this manner [8] [9] [10] . OCT, other than being used in macular pathology, is also helpful for the early diagnosis of peripapillary and macular retinal nerve fiber changes [11] . Furthermore, the ophthalmologist should request appropriate imaging studies such as MRI angiography in order to confirm the diagnosis and to plan appropriate multidisciplinary treatment. Therapy options depend on the gravity of the conditions as in CCF, ocular symptoms put the involved eyes at great risk. In patients with dural draining CCF and without ocular or cerebral signs, close observation may be adopted [12] . Occasionally, dural draining fistulas may favorably evolve to spontaneous closure, and this may especially occur after diagnostic angiography. In patients with dural CCF with low ocular or cerebral risk, a manual carotid-jugular manipulation/compression technique has also been adopted [12] . Although surgical treatment and/or radiotherapy have been used in the past, the current treatment of choice for direct or dural fistulas is transarterial or transvenous embolization of the fistula [13] . When possible, the best approach is through the inferior petrous sinus. If not accessible, the superior ophthalmic vein approach is adopted. 
